A Spirulina platens& gene library has been constructed using cosmid vector pMMB34. The cosmid bank was controlled for its random gene distribution by colony hybridization. Genes were identified using either homologous or heterologous probes of genes involved in photosynthesis (large and small subunit of D-ribulose 1,5-bisphosphate carboxylase, 32 kDa thylakoid protein, a, fl subunits of C-phycocyanin) and protein synthesis (elongation factors EF-Tu, EF-G).
INTRODUCTION
Little is known concerning the mechanisms for genetic recombination in cyanobacteria. Whereas there are a few reports demonstrating the occurrence of transformation in the unicellular forms [1] i no data are available for the filamentous cyanobacteria. Any attempt to manipulate these organisms genetically depends on the availability of systems allowing transfer and expression in the cells of foreign genes. Consequently, molecular cloning has become a common method for the characterization of cyanobacterial genes and their products [2] [3] [4] [5] [6] . We are interested in how Spirulina genetic information is organized and how expression is controlled. Genetic manipulation of the filamentous cyanobacterium S. platensis would benefit from the identification and isolation of genes. This approach may also, in the long run offer the possibility of constructing a DNA map of this organism. To this end, we cloned and characterized S. platensis genes involved in fundamental processes such as protein synthesis (O. Tiboni, manuscript in preparation), CO 2 fixation [7] and nitrogen metabolism [8] . Cloning and the physical mapping of desired S. platensis genes can be greatly facilitated by the availability of a genomic library of S. platensis. In this report, the construction and characterization of a cosmid bank of this cyanobacterium is described. In addition, we present evidence suggesting the use of this system for studying the gene linkage map of S. platensis DNA.
MATERIALS AND METHODS
Escherichia coli strain HB101 (recA, r-m-) was kindly provided by Dr. M. Iaccarino. pMMB34
[10] Was a gift from Dr. M. Bagdasarian; pAn620 [11] from Dr. R. Haselkorn; pAQPR1 [5] from Dr. R. de Lorimier; pG1 and pT/G1 [14] from Dr. V. Furano; and pSp301 [7] and pSp368 (O. Tiboni, unpublished data) were kindly provided by Dr. O. Tiboni.
Preparation of a cosmid library
Chromosomal DNA partially restricted by Sau3AI was sized on a sucrose gradient to a mean of approx. 35 kb and a lower limit of approx. 25 kb. Cosmid pMMB34, purified on a gradient of CsC1/EtBr, was cut with BamHI and treated with calf intestinal alkaline phosphatase. The product of ligation of these two components was packaged in vitro [12] and plated on E. coli strain HB101 on L-agar containing 50 #g/ml kanamycin (Km).
Single colonies were isolated and incubated in 96-well microtiter plates containing 200/~1 Hogness freezing medium (L-broth complemented with 8.8% glycerol, 3 mM trisodium acetate, 55 mM K2HPO 4, 26mM KH2PO 4, 1 mM MgSO 4 and 15 mM (NH4)2SO4), incubated for 16 h and then stored at -70°C.
Isolation of cosmids
L-broth plus 50 #g/ml of Km was inoculated with E. coli strain HB101 containing the cosmids and incubated with vigorous aeration for 18 h at 37°C.
Cosmid DNA was extracted as described by Maniatis et al. [12] for small-scale preparation (boiling method) and as reported by Selvaraj et al. [13] for large-scale preparation.
Recombinant DNA procedures
DNA was digested with nucleases under the conditions recommended by the suppliers. The products of restriction were resolved by horizontal electrophoresis in 0.7% agarose gel in the presence of EtBr.
Colony hybridization, DNA-DNA hybridization and nick-translation were all carried out as described by Maniatis et al. [12] .
RESULTS
The bank, prepared as described in MATERIALS AND METHODS, yielded 1800 clones from 3~g insert DNA and 0.6 ~g vector DNA. Restriction analysis of minipreparations of about 50 randomly picked clones revealed an average insert size of > 25 kb (Fig. 1A and B) .
The cosmid bank was controlled for its random gene distribution by colony hybridization with homologous and heterologous probes.
An EcoRI-HpaI restriction fragment of plasmid pSp301 [7] containing the gene for LS subunit of S. platensis D-ribulose 1,5-bisphosphate carboxylase (RuBisCO) was nick-translated and hybridized to nitrocellulose filter containing up to 1200 colonies from the cosmid library. Four different clones giving positive signals ( Fig. 2A) were isolated and double-digested with EcoRI and HpaI restriction endonucleases.
Fig . 2B and C shows the restriction patterns of the 4 clones isolated and the hybridization with the homologous probe. Although the restriction patterns were not identical, they all contained a 2.4 kb fragment which hybridized with the probe.
Three genes involved in photosynthetic processes, the gene for a 32 kDa thylakoid membrane protein from Anabaena 7120 [11] and the genes for the a, fl subunits of phycocyanins from Agmenellum quadruplicatum [5] were used to probe our S. platensis c0smid bank.
Two clones (pSpR6, pSpE17) were isolated which, in the case of the 32 kDa protein, gave a totally different restriction pattern with several restriction enzymes (Fig. 3A and B) .
Southern blotting and hybridization with the Anabaena 7120 32 kDa probe gave positive signals on different restriction fragments of pSpR6 and pSpE17, suggesting the presence in S. platensis of more than one gene for the 32 kd protein (Fig. 3A' and B'), as reported for Anabaena 7120 [11] . Using the entire cluster of a, fl subunits of phycocyanin genes from A. quadruplicatum [5] plus the gene for the 33 kd phycobilisome linker protein (de Lorimier, personal communication) as probe, one clone (pSpE31) was isolated by colony hybridization. Cosmid pSpE31 was digested with SstI/EcoRI, run on a 0.7% agarose gel, transferred to nitrocel- Fig. 4A and B) . In this case, we also identified a S. platensis DNA sequence that gave a positive signal to the heterologous probe. Finally, we probed our library for genes involved in protein synthesis. Plasmid pSp368 (O. Tiboni, manuscript in preparation, containing the gene for elongation factor EF-G of S. platensis, was utilized to detect the presence of the homologous gene in our cosmid bank. One of the 2 recombinant cosmids identified (pSpH14) was isolated and characterized further.
Since in E. coli the EF-G gene is linked to the EF-Tu gene [14] , we looked for a similar linkage in S. platensis. Cosmid pSpH14 was digested with ClaI and HpaI (Fig. 5A) , run on 0.7% agarose gel, transferred to a nitrocellulose filter and hybridized with the S. platensis EF-gene (Fig. 5B) , the E. coli tufA 'N-fragment' (Fig. 5C) and the E. coli tufa 'C-fragment' (Fig. 5D) [14] . The results show that the two genes are present on the same cosmid clone. 
DISCUSSION
Gene cloning techniques are extremely useful for the genetic analysis of poorly characterized organisms, such as cyanobacteria.
We report here the construction of cosmid library of the filamentous cyanobacterium S.
platensis, is very promising non-conventional food and/or feed source [15] . Either previously cloned and characterized S. platensis genes or heterologous genes were used to test the random gene distribution of our bank. Analysis of the library has allowed us to tentatively identify genes for the 32 kDa protein and C-phycocyanin. The genes will be subcloned in a suitable vector for a detailed map and, possibly, for attempting their expression in bacterial hosts.
The construction of this library should allow us, when a sufficient number of genes is identified, to construct a map of S. platensis DNA. For instance, cosmid pSpH14 seems to carry 2 different genes (EF-G gene and EF-Tu gene) involved in protein synthesis. As a first approach to Spirulina DNA mapping we shall attempt to construct a fine map of the large insert from pSpH14 and establish how the genes are organized.
